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© An afocal optical system is formed by a paraboroid mirror and an optical element having a stereographic 
projection characteristics which is defined by the following equation: 

hi' = 2.f-tan(fli/2) 

where hi' is a height of a light beam, leaving the optical element, taken from the optical axis or a heigh of an 
image taker, from the optical axis, _f is a focal length of the optical element and ei is an angle of incidence with 
respect to the optica! element. The focal point of the optical element coincide with that of the first paraboroid 
m.rror. Thus, a compact afocal optical system which satisfies hi' = m.hi is manufactured at low costs 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

h a viL h 7finrL in T? ti °'!K relateS ! > an 3,0Cal ° PtiCa ' SySt6m in which ,ocal P° ints of °P« cal dements each 
S to »t . k 9 Z"™* 9 With e8Ch ° ther at 3 P rede termined point. The present invention also 
relates to a multibeam recording apparatus comprising the afocal optical system. 

Description of the Background Art 

Fig. 1 is a diagram of a conventional afocal optical system which is known in the art as a Keplerian tvoe 
beam expander. The beam expander is comprised of two positive power lenses L31 and L32 which are 
I w!f rZ'TJ^ ° ther b/ 3 diStanCS (f31 +f32> ' where ,31 is a focal ,e "9th of the lens L31 and f32 is 

with ^LSS h L32 " ,OCa ' *** 01 the ' enS L31 8nd the ,0Cal P° int ° f tha ,a " a L32 coincide 

h 3 predeterm,ned P° int A Henc e. a beam LB1 parallel to the optical axis Z entering 
he beam expander would be converted into a light beam LB3 which leaves the beam expander parallel to 
the optical axis Z, the light beam LB3 satisfying: Janeiro 

hi' = ml . hi 

= (f32 / £31) . hi 

; where hi is a height of the incident light beam LB1 taken from the optical axis Z; hi' is a height of the 
leaving light beam LBS taken from the optical axis Z; and m is a magnification of the beam expander 
miJ^L ' S . 3 d,agram showi " 9 otner exam P |e ° f a conventional afocal optical system and illustrates the 
relationsh p between an object 202 and an image 204. The afocal optical system is comprised of a lens L41 
having a focal length f41 and a lens L42 having a focal length f42, which are disposed a distance (f4l ! f42) 

ZZl ?J* Ch K °, ther - T he ima9e of the ob i ect 202 P' aced * a distance f4l in front of (on the left side of 
the lens L41 is obtained at a point the distance f42 behind (on the right side of) the lens L42 

h^rrR^ 3 ^ 8 ^ 6 '^ Fl9 ' 1 " eedS t0 C ° mpriSe 3 larger ,ens 132 if the inc rease in diameter of light 
hT, h » ft U K eW,Se> the 601,1 Side t9,ecentri c optical system of Fig. 2. which is telocentric on 

both the image and the object sides, needs to comprise a larger lens L42 if a larger image 204 is desired 

When reduct.on in size of these optical systems (shortened optical path) is desired, one of the 
approaches to attam is to shorten the focal length f32 of the lens L32, for example. However, such would 

nrif nrj 6 ?" 0 ,!' 0 " ' n ^ h ! F - n T° er of the °P« cal *hich in turn would require an increased number 

of lenses to be used to ach.eve an optical system which is capable of carrying out the same optical 

terST^ f S the ° Dtical SyStem of R 9' 1 " Thu s- a 'though the optical path is shortened, the number of 

oS JstemTe Leased " ^ ^ ma " u ' acturi " 9 <°* a " d •» weight of the 

tn w°, n thT ly ; if . the ° ptiCa ' system is formed °V tess ienses to place priority on the number of the lenses 

UTT h P •' S o ' * 6 ° PtiCa ' P erformances of the optical system would be deteriorated, creating 

IZnLTT 0 "^ ^ ^ ° PtiCa ' SVStem Ca " "° l0n9er the re,ati °" hi' = m.hi due to the 

Tn^r lT ° P « C k Sy t n0t re ' iab,e en ° U9h t0 06 app,ied 10 30 °P« cal a PP ara t"« such as a beam 
expander and a multibeam recording apparatus. 

When the optical system can not satisfy the relation hT-m.M. chances are that even if the light beam 

IZ rlTT"^ 0 " af ° Cal 0PtiCa ' SyStem iS parallel t0 tne °P ,ical 3x15 Z. the light beam LB3 leaving 
the optical system ,s not parallel to the optical axis Z. In such likely case, if the optical system is used in an 

dKd S reqU ' reS 3 teleCentriC oheracteristic especially on the imaging side, an image would be 

Fig 3 is a diagram of a conventional multibeam recording apparatus. In Fig. 3. the multibeam recording 
sou™ nL^TT ° ^f* 0 * *** source P arts which are arranged at equal intervals (only one light 
source part 12 ,s shown m F,g. 3). a reduction optical system 200 which is formed by lenses L20 and L21 a 

tensTs L^Sand^e 11 " * ^ ^ * ^ 3nd " ^ SyS,em 34 which is ,ormed «* 

14 i?™!! 9 "^ k 6 Part !? inC ' UdeS 3 semiconductor leser 14. A laser beam from the semiconductor laser 
14 is collimated by a coll.mat.ng lens 16, and then pass through an aperture 18 to be allowed to the 
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reduction optical system 200 parallel to the optical axis Z. The reduction optical system 200 has the same 
structure as that of the conventional afocal optical system of Fig. 2. That is, as shown in Fig. 3, the rear 
focal point of the lens L20 coincides with the front focal point of the lens L21 , and therefore, the reduction 
optical system 200 is an afocal optical system. The laser beams from the reduction optical system 200 are 

5 magnified at a proper magnification by the zoom lens 32, focused by the afocal optical system 34 at the 
focal plane FP3 of the afocal optical system 34, and irradiated onto a recording surface RS which is 
disposed at the focal plane FP3 of the afocal optical system 34. Since principal rays of the laser beams are 
each perpendicular to the focal plane FP3, a magnification does not change even when a distance between 
the focal plane FP3 and the recording surface RS is changed. Thus, highly accurate image drawing is 

w attainable. 

Laser beams from the other light source parts which are not shown are irradiated onto the recording 
surface RS in a similar manner so that a plurality of beam spots are formed at the same time on the 
recording surface RS. 

Constructed as above, the conventional multibeam recording apparatus needs a larger lens in order to 

75 increase the number of the beam spots which are formed on the recording surface RS at one time, i.e., the 
number of the channels. As can be understood from Fig. 3, to obtain more channels, more light source 
parts 12 disposed in a direction perpendicular to the optical axis Z are necessary, and therefore, the lens 
L20 must be enlarged accordingly at the expense of deteriorated aberration at the lens L20 and increased 
costs for manufacturing the lens L20. 

20 On the other hand, to obtain a smaller multibeam recording apparatus by reducing the size of the 
optical system of Fig. 3, the focal length fO of the lens L20 and hence the optical path must be shortened. 
However, when the focal length fO is reduced, the F-number of the optical system will become smaller. In 
such a case, an increased number of lenses must be used to ensure the same optical performance which 
are obtainable from the optical system of Fig. 3. As a result, although the optical path is shortened, the 

25 number of the lenses which form the optical system, and hence, the manufacturing costs and the weight of 
the optical system are increased. 

Conversely, if the optical system is formed by less lenses to place priority on the number of the lenses 
to form the optical system, the optical performances of the optical system would be deteriorated, creating 
various aberrations. Hence, although the light source parts 12 are arranged equidistant from each other, 

30 spacings between adjacent beam spots which are irradiated through the optical system onto the recording 
surface RS, that is, the beam pitches, will become uneven or the configurations of the beam spots will be 
deformed. Further, since the principal rays of the laser beams striking the focal plane FP3 are not 
perpendicular to the focal plane FP3, with a change in a distance between the focal plane FP3 and the 
recording surface RS, the magnification of the optical system (beam pitches) will be changed. A result of 

35 this is degraded quality of a recorded image. 

SUMMARY OF THE INVENTION 

The present invention is directed to an afocal optical system having an optical axis, comprising: a first 
40 paraboroid mirror, disposed on the optical axis, having a finite focal length; and an optical element, 
disposed on the optical axis, having a stereographic projection characteristics which is defined by the 
following equation: 

hi' - 2*f-tan(0i/2) 

45 

where hi' is a height of a light beam, leaving the optica! element, taken from the optical axis or a height of 
an image taken from the optical axis, f is a focal length of the optical element and 0i is an angle of 
incidence with respect to the optical element, the focal point of the optical element substantially coinciding 
with that of the first paraboroid mirror, 
so In another aspect of the present invention, an afocal optical system comprises: a spherical mirror, 
disposed on the optical axis, having a first focal length; and an equisolidangle projection lens, disposed on 
the optical axis, having an optical characteristics defined by the following equation: 

hi* = 2-f.sin(ei/2) 

55 

where hi' is a height of a light beam, leaving the equisolidangle projection lens, taken from the optical axis 
or a height of an image taken from the optical axis, f is a focal length of the equisolidangle projection lens 
and $\ is an angle of incidence with respect to the equisolidangle projection lens, the focal point of the 
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equisolidangle projection lens substantially coinciding with that of the spherical mirror. 

The present invention is directed to a multibeam recording apparatus for recording an image on a 
recording surface, comprising: a light source unit for emitting a plurality of light beams; and a reduction 
afocal optical system for directing the light beams from the light source unit toward the recording surface 
the reduction afocal optical system having an optical axis, wherein the reduction afocal optical system 
comprises a first paraboroid mirror, disposed on the optical axis, having a first finite focal length; and an 
optical element, disposed on the optical axis, having a stereographic projection characteristics which is 
defined by the following equation: 

hi' a 2-f*tan(0i/2) 

where hi' is a height of a light beam, leaving the optical element, taken from the optical axis or a height of 
an image taken from the optical axis, f is a second finite focal length of the optical element and di is an 
angle of incidence with respect to the optical element; and wherein the focal point of the optical element 
substantially coincides with that of the first paraboroid mirror. 

In another aspect of the present invention, a multibeam recording apparatus for recording an image on 
a recording surface comprises: a light source unit for emitting a plurality of light beams; and a reduction 
afocal optical system for directing the light beams from the light source unit toward the recording surface 
the reduction afocal optical system having an optical axis, wherein the reduction afocal optical system 
comprises a spherical mirror, disposed on the optical axis, having a finite focal length and an equisolidangle 
projection lens, disposed on the optical axis, having an optical characteristics defined by the following 
equation: " 

hp = 2*f.sin(0i/2) 

where hi' is a height of a light beam, leaving the equisolidangle projection lens, taken from the optical axis 
or a height of an image taken from the optical axis, f is a focal length of the equisolidangle projection lens 
and 0i is an angle of incidence with respect to the" equisolidangle projection lens; and wherein the focal 
point of the equisolidangle projection lens substantially coincides with that of the spherical mirror. 

Accordingly, it is an object of the present invention to obtain a compact afocal optical system which 
satisfies hi' = m.hi where the heights of incident and leaving light beams are hi and hi' and a magnification 
is m and which is manufactured at low costs. 

It is another object of the present invention to prevent a light beam to be partially blocked in the afocal 
optical system. 

It is a further object of the present invention to remove a noise component from an incident light beam 
in the afocal optical system and to enhance telecentric characteristic of the afocal optical system. 

It is another object of the present invention to obtain a multibeam recording apparatus which is small 
desp«te an increased number of channels, which performs image drawing at a high accuracy, and which is 
manufactured at low costs. 

These and other objects, features, aspects and advantages of the present invention will become more 
apparent from the following detailed description of the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram of a conventional afocal optical system; 

Fig. 2 is a diagram showing other example of the conventional afocal optical system; 
Fig. 3 is a diagram of a conventional multibeam recording apparatus; 

Fig. 4 is a plan view of an afocal optical system according to a first preferred embodiment of the present 
invention; K 

Fig. 5 is a plan view of an afocal optical system according to a second preferred embodiment of the 
present invention; 

Fig. 6 is a plan view of an afocal optical system according to a third preferred embodiment of the 
present invention; 

Fig. 7 is a plan view of an afocal optical system according to a fourth preferred embodiment of the 
present invention; 

Fig. 8 is a plan view of an afocal optical system according to a fifth preferred embodiment of the present 
invention; 
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Fig. 9 is a plan view of an afocal optical system according to a sixth preferred embodiment of the 
present invention; 

Fig. 10 is a plan view of a multibeam recording apparatus according to a first preferred embodiment of 
the present invention; 

Fig. 11 is a side view of a multibeam recording apparatus according to a first preferred embodiment of 
the present invention; 

Fig. 12 is a front view of a light source unit; 

Fig 13 is a plan view of a multibeam recording apparatus according to a second preferred embodiment 
of the present invention; 

Fig 14 is a perspective view of a multibeam recording apparatus according to a fourth preferred 
embodiment of the present invention; 

Fig. 15 is a plan view of a multibeam recording apparatus according to a fourth preferred embodiment of 
the present invention; 

Fig. 16 is a plan view showing how the light source parts are arranged; 

Fig. 17 is a plan view showing a modification of the multibeam recording apparatus accordinq to the 
present invention; y 

Fig. 18 is a plan view showing another modification of the multibeam recording apparatus according to 
the present invention; ** y 

Fig. 19 is a plan view showing a further modification of the multibeam recording apparatus accordinq to 
the present invention; a 

Fig. 20 is a diagram of a multibeam recording apparatus according to a fifth preferred embodiment of the 
present invention; 

Fig. 21 is a diagram of a multibeam recording apparatus according to a sixth preferred embodiment of 
the present invention; 

Fig 22 is a diagram of a multibeam recording apparatus according to a seventh preferred embodiment 
of the present invention; 

invention' 8 * 6ia9ram ° f 3 ' aS8r beam ex P ander comprising the afocal optical system of the present 
30 invention 5 * ° f a " imag8 inpUt a PP aratus comprising the afocal optical system of the present 

Fig. 25 is a diagram of a reduction projection apparatus comprising the afocal optical system of the 
present invention; K y 

Fig. 26 is a diagram showing other example of the reduction projection apparatus comprising the afocal 
optical system of the present invention; 

35 Fig. 27 is a diagram of an expansion projector comprising the afocal optical system of the present 
invention; and h»«wwh 

Fig. 28 is a diagram of an illumination apparatus comprising the afocal optical system of the present 
invention. 

40 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A. Afocal Optical System 
(1) First Preferred Embodiment 

45 

Fig 4 is a plan view of an afocal optical system according to a first preferred embodiment of the 
present invention. The afocal optical system 20A is comprised of a paraboroid mirror 22 and a stereo- 
graphic projection lens 24 which are disposed with a distance from each other so that the focal points of the 
mirror 22 and the lens 24 coincide with each other at a predetermined point A. Hence, a light beam LB1 
entering the afocal optical system 20A parallel to the optical axis Z from a light source unit (described later) 
or an original, would be converted into a light beam LB3 leaving the afocal optical system 20A parallel to 
the optical axis Z. In the afocal optical system 20A, the following relation 



50 



hi' = mLhi (1) 



55 



is always satisfied where hi is a height of the incident light beam LB1 taken from the optical axis Z and hi' 
is a height of the leaving light beam LB3 taken from the optical axis Z. The reason will be described below. 
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For example, the light beam LB1 impinged onto the paraboroid mirror 22 parallel to the optical axis Z at 
an object height (i.e., a height from the optical axis Z) hi is reflected by the paraboroid mirror 22 to become 
a reflected light beam LB2 which will pass through a point A, which is away from the paraboroid mirror 22 
by the focal length f22, at an angle 0i (Fig. 4). Here, because of the optical characteristics of the paraboroid 
5 mirror 22, 

tan (0i/2) = hi/(2.f22) (2) 

The light beam LB2 passed through the point A then enters the stereographic projection lens 24 which has 
io the following image height characteristics ("stereographic projection characteristics" as herein termed) that 
are given as: 

hi' = 2.f24*tan (fli / 2) (3) 

75 where f24 is a focal length of the stereographic projection lens 24 and hi' is an image height (i.e., a height 
from the optical axis Z). Hence, the image height hi' of the light beam LB3 emerging from the stereographic 
projection lens 24 is found by substituting Eq. 2 in Eq. 3: 

20 hi' = 2 . £24 • hi / (2 • £22) 

= (f24 / £22) hi 

= ml • hi ... (4) 

25 

where ml is a magnification of the afocal optical system 20A. 

Having such a construction, the afocal optical system promises excellent optical performances but is 
less expensive to manufacture. The secrete is in that technique of forming the paraboroid mirror 22 is 
30 already completed to such an extent that the paraboroid mirror 22 is accurately formed in an easy manner 
at low costs. Further, the fact that the paraboroid mirror 22 includes only one surface which is to be 
processed and the paraboroid mirror 22 is large in aperture but small in F-number also contributes to 
reduction in size and manufacturing costs of the optical system. 

35 (2) Second Preferred Embodiment 

Fig. 5 is a plan view of an afocal optical system according to a second preferred embodiment of the 
present invention. Provision of a paraboroid mirror 26 instead of the stereographic projection lens 24 is 
where the afocal optical system 20B of the second preferred embodiment (Fig. 5) stands different from the 

40 first preferred embodiment (Fig. 4). That is, the afocal optical system 20B is comprised of two paraboroid 
mirrors 22 and 26 which have different focal lengths and which are disposed in a faced relation with each 
other in such a manner that their focal points meet at a point A. A light beam LB1 entering the afocal optical 
system 20B parallel to the optical axis Z is reflected by the paraboroid mirror 22 and thereafter by the 
paraboroid mirror 26, whereby a light beam LB3 emerges from the afocal optical system 20B parallel to the 

45 optical axis Z while the system 20B satisfies a condition similar to Eq. 4 (described later as Eq. 6). The 
mechanism of this will be described below. 

For instance, when the light beam LB1 enters the afocal optical system 20B parallel to the optical axis Z 
at an object height (i.e., a height from the optical axis Z) hi, Eq. 2 is satisfied due to the optical 
characteristics of the paraboroid mirror 22. Since the paraboroid mirror 26 has the same characteristics 

so (stereographic projection characteristics) as those of the stereographic projection lens 24, 

hi 1 = 2«f26*tan (0i / 2) (5) 

where f26 is a focal length of the paraboroid mirror 26. Therefore, from Eqs. 2 and 5, 

55 



7 



EP 0 571 972 A2 

hi ' = 2 • £26 / (2 • £22) 
= (£26 / £22) hi 

5 

= m2 • hi ... ( 6 ) 

,„ nrlw f is a ma 9 nifi cation * « h ° afocal optical system 20B. Hence, the effects promised in the first 

SS^iS! : ' t men » T alS ° Pr ° mfSed i0 thS SeC ° nd Pre,erred ^bodiment. in addition, requi ng he 
afocal I optical system to be comprised of the only two paraboroid mirrors 22 and 26 the second Preferred 
embodiment produces unique effect that chromatic aberration will not be created at all basically 

lioht hlT?m e T ,! eC ° nd Pr6ferred embodi ™"K have been described in relation to where the 

hght beam LB enters from the paraboroid mirror 22 and the light beam LB3 goes out from the optical 
2eTn IT ste ; e °^P"ic Projection lens 24 in the first preferred embodiment and the parabo ofd mS 
.hV^Ht ^ n ^ re,e : red . emb ° diment) in the f0re 9° in 9- the etfects bribed above remain intact XZ 
mfrrofi ' *" ^ e ' ement a " d the " flht beam LB3 ooes out trom »• Paraboroid 

20 (3) Third Preferred Embodiment 

Fig. 6 is plan view of an afocal optical system according to a third preferred embodiment of the oresent 

IrTXTs t^TTT T° en the a,ocal optical system 200 and tha first 

« ImK h . 9 ' rSt Pr ° ferred embodiment "aes the whole paraboroid mirror 22, the third preferred 

25 embod.ment uses a portion of the paraboroid mirror 22. more precisely, a region 22a which is off S 
ro at,on symmetric axis of the paraboroid mirror 22 (In this preferred embodiment, me roteton symmeS 
ax.s co.nc.des w. h the optical axis Z). ,n general, a paraboroid mirror which is formed by only the reg on 
22a .s referred to as "off-axis paraboroid mirror." In sharp contrast, a whole paraboroid mS>M he 

<*™ A o« rth !.- differ * nce between the afocal optical system 20C and the first preferred embodiment is that a 
stop 28 ,s d.sposed at a point A where the focal points of the paraboroid mirror 22 and the stereooraphio 
proton lens 24 co.ncide with each other. Since the other structural features are generally simHarto those 
of the first preferred embodiment, redundant description will be omitted 

35 sv S te^20? : y ofth t ^h , ! r H S, e ™ b ° diment - whe " 3 light beam LB1 impinges on the afocal optica. 

Z TlJ^S . . Pf ooo ed embodim ant parallel the optical axis Z, a light beam LB3 comes out from 

KetT elSTnt 200 - *" ^ ° f - **™> amb0di ™' « attai " ab '° - 

« naJ^H^ jarred ambodiment creates still other effect because of the provision of the off-axis 
as shown ir fTJ « n ** ^ 8ystem 20A of tha ,irst Purred embodiment! 
24 fn Z, a 9 ' , ' P ° f ,he ,nC,dent " 9ht beam LB1 is blocked b * the stenographic projection lens 
oL. * i aCenter T" ° f the ,i9ht b6am LB3 ,eavin 9 the afocal 0P«<=al system 20A is blocked. This 

lens 2 T ,n * f W T 1 ! " 9ht b9am LB1 6nterS * he ° p,iCal SyS,em ,rom the stereographic projection 

ens 24. In sharp contrast, .n the third preferred embodiment, as shown in Fig. 6. the light beam LB3 leaves 
.5 the afocal opfica. system 20C without partially blocked by the stereographic projection lens 24 

Doints U ofth« n n« =. Pr K err t? embodiment ' sinca *be stop 28 is disposed at the point A where the focal 
oTh^r a nle coZn^n? T, *** *° stereoara P hic P^on lens 24 coincide with each 

Tnro h ° f COmp0ne ". t ,s removed ,rom the "gbt beam LB1 and the afocal optical system 20C has an 
.mproved telecentr.c quality in the imaging side. These effects will be described in detail later 

o 

(4) Fourth Preferred Embodiment 

nMe ^' 7 iS a P' a " view of an afocal optical system according to a fourth preferred embodiment of the 
present .nvent.on. The afocal optical system 20D is comprised of an off-axis paraboroid mirror 22a ana a 

ZZeZvZZ Whi ? \V d ?° Sed " 8 ,aC6d re ' ati0n in SUCh a manner «" »* '-a' Zts c^incL 
TllnnH T ? P K° ,m A - ° ther W ° rdS ' the a,ocal optical svstem 2 ° D ia the same as the system of the 
second preferred embodiment (Fig. 5) except that the off-axis paraboroid mirror 22a is used in stead o the 
paraborcd m.rror 22 and that a stop 28 is disposed at the point A. Hence, the afoca, opfical s^em 20D no" 
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^ ,0 th0S9 attainable in the second P^ferred embodiment but also produces the 
Sfand the stop 2a SC immedia,el * above in rela «™ <° the provision of the off-axis paraboroid mirro" 

s (5) Fifth Preferred Embodiment 

shown in^n TT k 31 *! par , aboroid mirror 26 ma V be placed with an off-axis paraboroid mirror 26a as 

22a and 26a aL, ™" ^ ° ptiCa L SyStem 20E " which is com P rised * off-axis paraboroid mirrors 
^ 22a and 26a. also promises the same effects as those attainable in the fourth preferred embodiment. 

(6) Sixth Preferred Embodiment and Other Embodiments 

n,JL 9 , "V plar ! viaw °| an a,ocal °P tical astern according to a sixth preferred embodiment of the 
,s a Z l ^ ?• , e o 3 ? Ca '„ ° PtiCal SyStem 2 ° F iS C ° mpriSed °' a Spherical ™«™ 2 8 and an equisolidan! 
IST ^ f '? ^ af0Ca ' SyStem 20F ' the ,0Cal P 01 "* of s P"e"«l mirror 28 and the 

!lI^ 9, ^ Pr0ieC,IOn,enS . 29 COinCide with each ° ther at a C, the effects hereinabove described 
are ensured. The reason is as foiiows. 

occu^a? !he e L b h«r S . LB1 eme ; S K he SPh6riCal mirr ° r 28 Para,,el ,0 ,he op,ical 3X15 Z - s P" erical a ^rration 
occurs at the spher.cal mirror 28 because of the optical characteristics which are inherent to a spherical 

3beam e s ll^fSed^T " ?.*T? *~ b °*™ LB1 * aken f ™ *• opto. 
rh»Lt!rT , .h ^ bV 9 SphenCal mirr0r 28 crosses ,he °P tical 3x18 z at an angle fli. the 
characteristics of the spherical mirror 28 cause that the laser beams LB2 satisfy: 

sin(ei/2) = hi/(2.f28) (8) 

^^ItVh 031 , len9th °! ^ SpheriCa ' mirr ° r 2a °" the other hand ' the equisolidangle projection lens 
29. formed by three lenses L12 to L14. for example, exhibits an optical characteristic that is given as: 

hi 1 = 2.f29»sin (ei 12) (9) 

where hi' is a height of a laser beam coming from the equisolidangle projection lens 29. Substituting Eq. 8 

hi' = 2 . £29 . hi / (2 • £28) 
= (f29 / f28) hi 

= m3 • hi ... (10) 

40 

Thus since Eq. 10 is satisfied by combining the spherical mirror 28 and the equisolidangle projection lens 
29 and since the equisolidangle projection lens 29 causes aberration that is opposite to the aberration which 

<s 20fT nV 9 SPh ,f riCa ' mirr ° r 28 S ° that ab9rrationS Cancel out each the afocal opti^em 

is 20F as a whole, excellent optical characteristics are promised 

the H^VZ^m tH V hird , 40 Preferred embodi ™nts have been described in relation to where 

TJZl ^Th ?T S T th9 ° PtiCal e ' ement (the ^graphic Projection lens 24 in the third 
So Sa TJT T k , mirr °: 26 i0 th6 f ° Urth Pre,erred aliment; the off-axis paraboroid 

mirror 26a in the fifth preferred embodiment) and the light beam LB3 leaves the optical system from the off- 

S T T « 6 eff8CtS ° f ^ Pre,Srred •"*—"«•• will not' be punched whl °he 

element * parab0roid mirror 22a and the "9™ beam LB3 leaves from the optical 

casXTJS^tll !!r° nd Pre,e, T d emb0dimant - tha «°P 28 ™y "a disposed at the point A. in which 
lint in^ r / el,m,natlon of noise - atO are attainable. Conversely, the stop 28 is not an essential 
element .n the afocal ophcal systems of the third to the fifth preferred embodiments 
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B. Optical Apparatus Comprising Afocal Optical System 

In the following, optical apparatuses comprising the afocal optical systems 20A to 20E will be 
described. 

5 

B-1 . Multibeam Recording Apparatus 
(1) First Preferred Embodiment 

10 Figs. 10 and 11 are a plan view and a side view, respectively, of a multibeam recording apparatus 
according to a first preferred embodiment of the present invention. The multibeam recording apparatus 
comprises a light source unit 10 for emitting a plurality of laser beams, a reduction afocal optical system 
20 A, an afocal optical system 30 and a rotation cylinder 40. In synchronism with rotation of the rotation 
cylinder 40 with a photosensitive material FM wound therearound in a primary scanning direction X, light 

75 beams from the light source unit 10 move in a sub scanning direction Y, which is approximately 
perpendicular to the primary scanning direction, through the reduction afocal optical system 20A and the 
afoca! optica! system 30. As a result, a desired image is recorded on the photosensitive material FM. 

Fig. 12 is a front view of the light source unit 10. In Fig. 12, the light source unit 10 is comprised of a 
plurality of light source parts 12 which are arranged at predetermined pitches Pa. Each light source part 12 

20 is formed by a semiconductor laser 14 and a collimating lens 16. A light beam from the semiconductor 
laser 14 is collimated by the collimating lens 16 to become a parallel light beam which will be then emitted 
from an aperture 18 of the light source part 12 parallel to the optical axis Z (Figs. 10 and 11). The aperture 
18 is disposed on the focal plane of a paraboroid mirror 22. As understood from Fig. 12, the light source 
parts 12 are arranged so as to partially overlap with each other in the primary scanning direction X. This is 

25 to prevent a split in scanning lines, that is, separation of adjacent scanning lines from each other due to 
mechanical dimensional restraints of the light source parts 12. In addition, to avoid mechanical interference 
with the reduction afocal optical system 20A, the light source parts 12 are divided into two groups in their 
arrangement (Fig. 11). 

The reduction afocal optical system 20A has the same structure as that of the conventional afocal 

30 optical system of Fig. 4. That is, the reduction afocal optical system 20A is comprised of the paraboroid 
mirror 22 and a stereograph ic projection lens 24 which are disposed in such a manner that the focal points 
of the mirror 22 and the lens 24 coincide with each other at a predetermined point A. Hence, a laser beam 
LB1 entering the reduction afocal optical system 20 A parallel to the optical axis Z from the light source unit 
10 would converted into a laser beam LB3 leaving the reduction afocal optical system 20A parallel to the 

35 optical axis Z. Further, in the reduction afocal optical system 20A, the Eq. 1 is always satisfied, and hence 
the laser beams LB1 emitted from the light source unit 10 at the same pitches Pa are focused at a rear 
focal plane FP1 of the stereographic projection lens 24 so that intermediate images of the apertures 18 are 
formed on the rear focal plane FP1 at equal intervals. It is to be noted that the aperture images are imaged 
on the rear focal plane FP1 only when the apertures 18 are arranged on the focal plane of the paraboroid 

40 mirror 22. If the apertures 18 are off the focal plane of the paraboroid mirror 22, the aperture images, too, 
will be off the rear focal plane FP1 . The displacement of the aperture images from the rear focal plane FP1 
is determined by a longitudinal magnification of the reduction afocal optical system 20A. 

As shown in Figs. 10 and 11, the afocal optical system 30 is disposed between the reduction afocal 
optical system 20A and the rotation cylinder 40. The afocal optical system 30 is comprised of a zoom lens 

45 32 which is formed by lenses L4 to L9 and an afocal optical system 34 which is formed by lenses L10 and 
L1 1 . The zoom lens 32 has afocal characteristics or telecentric characteristics, and the magnification ration 
thereof can be varied by moving at least one of the lenses L4 to L9 while the distance between an object 
and an image is kept constant. In the afocal optical system 30, the image plane of the zoom lens 32 
coincides with a front focal plane of the lens L10 of the afocal optical system 34 at a plane FP2 so that the 

so zoom lens 32 and the afocal optical system 34 as a whole are also afocal. The object plane of the zoom 
lens 32 coincides with the rear focal plane of the stereographic projection lens 24 of the reduction afocal 
optical system 20 A at the plane FP1 while the photosensitive material FM (recording surface) is placed at 
the rear focal plane of the lens L11 of the afocal optical system 34. Hence, the intermediate images (i.e., the 
aperture images) formed on the plane FP1 are reduced at an appropriate magnification by the afocal optical 

55 system 30 and imaged as the aperture images (i.e., beam spots) on the photosensitive material FM. 
Therefore, the beam spots on the photosensitive material FM are arranged at equal intervals, that is, the 
beam pitches are uniform. It is to be noted that the beam spots are formed on the photosensitive material 
FM only when the intermediate images are formed on the plane FP2. If the intermediate images are off the 
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f deSCribed above with res P ect 40 the «*ction afocal optical system 20A, the beam spots will 

™ is JlSSr f m f H a ' I™ ThS dis P ,acement of the «POts from the photosensitive material 
,s determined by a longitudinal magnification of the afocal optical system 34 

As described above, in this embodiment, the plurality of the laser beams LB1 from the light source unit 

from the^T? f P T bV P3rab0r0id mirr ° r 22 ' and the ,aser bea ™ *«" that po' t are emitted 
optical system 20A through the stereographic projection lens 24. Hence, the 
reduction afocal optical system 20A remains small even when the number of channels is increased. That is 
SITS? ic f0rm ' r ! 9 l th f P«*«*» mir ™ 22 is already completed to such an extent that the paraboroid' 

, 22 nr„ 2 iL ? U V ^ I" " m9mW at ,0W C0Sts - Furtner ' "» fact ** *• paraboroid mirror 
22 ^eludes only one surface which is to be processed and the paraboroid mirror 22 is large in diameter but 

S2Lr Tk ^ k COntributes t0 reduction in si *> ^d manufacturing costs of the optical system 
z wh 6 !' f ,aS ? r beams LB3 ,eave the redu <*°n afocal optical system 20A parallel to the optical axis 

L2S ° A I? 8 " 63 EP - 1l the beam pitCheS 0n the P"otosensitive materia. FM (recording 

surface) are uniform, enabling highly accurate image drawing. Still further, since each laser beam is 
irradiated onto the photosensitive material FM from approximate upright as shown in Figs. 10 and 11 in this 
eV !"' f the P hotosensi « v * serial FM is moved along the optical axis Z, no change in the 
catlon ar,u " sr,ce accurate image drawing on the photosensitive material FM are promised. 

(2) Second Preferred Embodiment 

of th« 9 nrlLn, a p,a " view °' 3 mu,tibeam recordin 9 apparatus according to a second preferred embodiment 
of the present invention. A major difference between the illustrative multibeam recording apparatus and the 

ens rJfTh " th3t Pr °H V " i0n ° f 3 Parab0r ° id mifr0r 26 inS,ead °' th9 *"~K«c projection 

lens 24. That is the multibeam record.ng apparatus comprises the afocal optical system 20B of Fig 5 as a 

reduction afocal optical system. In more detail, the reduction afocal optical system 20B is comprised of the 

two paraboroid m.rrors 22 and 26 which are disposed in a faced relation in such a manner that their focal 

r h H° ther 3t 3 P ° im A a0d that laS8r beamS ,rom tha «9M source unit Ta^Sy 
^ ,be Paraboroid mirrors 22 and 26 to be thereafter irradiated onto the photosensitive material FM 

:,:r: p sr m 30 which has the same sm - - ^ « of 

m i Jr h L ,0 ^L' en9 .! h f22 °u the paraboroid mirror 22 is different from the focal length f26 of the paraboroid 
mirror 26. Where the paraboroid mirror 26 is provided to replace the stereographic projection lens 24 le 

esutt inZ S , th * *°. ^ "** Z ' m * n *°S °° reduction afocal optiL system 20B would 

20E fJL £ « T ? am . S k B3 Para " el t0 th ° ° PtiCal 3X18 Z ,eave the reducti °" afocal optical system 
20B while satisfy.ng Eq. 1, which is similar to the first preferred embodiment. The reason is as follows 

(3) Third Preferred Embodiment 

Although the foregoing has described that the afocal optical systems 20A and 20B are formed by the 
paraboroid mirror 22 and the stereographic projection lens 24 (first preferred embodiment) or formed by the 

TJn a «7 22 „ and 26 <SeC ° nd Preferred em °°diment), it is possible that the afocal optical 

system is formed by the spherical mirror 28 and the equisolidangle projection lens 29 of Fig 9 
m«T! ' h,rd pre i erred embodiment is generally identical to the first and the second preferred embodi- 
ments except for the afocal optical system, and therefore, similar description will be simply omitted. 

(4) Fourth Preferred Embodiment 

Figs. 14 and 15 are a perspective view and a plan view, respectively, of a multibeam recordina 
ZZZSZ T T 9 1° 3 !° U * Pr6ferred embodimen * of the present invention. The illustrative multibeam 
recording apparatus largely departs from the first preferred embodiment on two points. The first major 

fZh 'Zl ^ ? T af0Ca ' ° PtiCal SyStem 200 ° f R9 ' 6 iS USed as a reducti °" afoca' optica, system inThe 
s Hir„f^ ,men l The . Second ma ' or difference is the optical axis Z1 of the afocal optical system 20C 
-s displaced from the optical axis Z2 of the afocal optical system 30 by a predetermined distance AY in the 
sub scanning direction Y. Although no practical problem will occur even if the two optical axes coincide with 
SSLTL? k 8 . P £ ,erred embodiment < R 9- 10). when the off-axis paraboroid mirror 22a is used. 
m£ ™ I ! be T S , fr0m thS a,0Ca ' ° ptiCal System 20C wi " not enter the afocal optical system 30. 
he whT,„ °? T 'V ! f ° Urth Preferred embodiment - since the optica, axes are not aligned to each other, 
the whole afocal optical system 30 is involved in directing the laser beams LB3 toward the photosensitive 



11 



EP 0 571 972 A2 



material FM from the afocal optical system 20C as shown in Fig. 15. Hence, a compact afocal optical 
system 30 is obtained. 

In Fig. 14, indicated at reference numeral 50 is a base which is freely slidable in the sub scanning 
direction Y. The base 50 mounts the light source unit 10, the off-axis paraboroid mirror 22a the 
stereographic projection lens 24, a reflecting mirror 52, the zoom lens 32, a reflecting mirror 54 and an 
afocal optical system 34 thereon, thereby forming a recording head. The afocal optical system 34 is 
comprised of a lens 10 and lenses L15 to L17. The recording head is provided with a drive mechanism (not 
shown) which moves the recording head in the sub scanning direction Y. To adjust the magnification of the 
zoom lens 32, the zoom lens 32 is linked to a pulse motor 56. 

Fig. 16 is a plan view showing the arrangement of the light source parts 12. In Fig. 16, a plurality of 
light source parts 12 are two-dimensionally arranged at the same pitches Pa in the light source unit 10 
Similarly to the first preferred embodiment, the light source parts 12 are displaced from each other by (the 
scanning pitch Ps)/(the magnification M of the optical system) to partially overlap with each other in the 
primary scanning direction X in order to prevent a split in scanning lines. 

In the multibeam recording apparatus having such a construction, a plurality of laser beams LB1 from 
the light source unit 10 parallel to the optical axis Z1 are reflected by the off-axis paraboroid mirror 22a and 
men rocusea on the rear focal plane FP1 of the stereographic projection lens 24 therethrough. Since the 
apertures 18 are arranged on the focal plane of the off-axis paraboroid mirror 22a, intermediate images (i e 
the aperture images) are formed on the plane FP1. The image height of each intermediate image and the 
height of each laser beam LB1 from the light source part 12 satisfy Eq. 1 as described earlier in relation to 
the first preferred embodiment, and therefore, a plurality of intermediate images are formed on the plane 
at e ^ ual 'nervals. The intermediate images are then reduced at an appropriate magnification by the 
afocal optical system 30 and formed on the photosensitive material FM (recording surface) which is wound 
around the rotation cylinder 40 as images (beam spots). 

As described above, in the fourth preferred embodiment, similarly to the first preferred embodiment, the 
laser beams LB1 from the light source unit 10 are imaged as intermediate images on the plane FP1 through 
the paraboroid mirror 22 and the stereographic projection lens 24 while the embodiment satisfies Eq. 1, and 
then imaged on the photosensitive material FM by the afocal optical system 30. Hence, the effects 
attainable in the first preferred embodiment are also attainable in the fourth preferred embodiment 

Although the fourth preferred embodiment is related to where the apertures 18 are used, the apertures 
18 are not essential elements. An example of where the apertures are not provided is shown in Fig 17 in 
which the laser beams LB1 from the semiconductor lasers 14 are collimated by the collimating lenses 16 
into parallel light beams which will be then reflected by the paraboroid mirror 22 and converged as beam 
waists at the focal point D of the paraboroid mirror 22. Since the focal point D of the paraboroid mirror 22 is 
the front focal point of the stereographic projection lens 24, the beam waists of the laser beams LB3 passed 
through the stereographic projection lens 24 is formed at the rear focal plane FP1 of the stereographic 
projection lens 24. In a similar manner, beam waists are formed on the photosensitive material FM which is 
disposed at the rear focal plane of the lens L17 of the afocal optical system 34 (Fig. 15). Hence, images are 
drawn with extremely small beam spots at as high accuracy as that of where the apertures are provided 

The afocal optical system 30 is not essential to the multibeam recording apparatus. As shown in Fig 
18, the multibeam recording apparatus may be formed only by the light source unit 10 and the reduction 
afocal optical system 20C, in which case, the photosensitive material FM (recording surface) is to be 
disposed at the rear focal plane FP1 of the stereographic projection lens 24. 

The afocal optical system 30 may be formed by only the zoom lens 32 as shown in Fig 19 In this 
case, the photosensitive material FM must be disposed at the image plane FP2 of the zoom lens 32. 

Although the preceding embodiments require that the image plane of the zoom lens (afocal system) 32 
coincides with the front focal plane of the lens L10 of the afocal optical system 34 to form the optical 
system 30 so that the optical system 30 becomes afocal, the respective optical system forming the afocal 
optical system 30 (the lens 32 in the first preferred embodiment and the optical system 34 in the second 
preferred embodiment) needs not be afocal. That is, it is only necessary that the optical system 30 is afocal 
as a whole. 

(5) Fifth Preferred Embodiment 

Fig. 20 is a diagram of a multibeam recording apparatus according to a fifth preferred embodiment of 
the present invention. The fifth preferred embodiment is different from the first preferred embodiment 
regarding the light source unit 10 but is otherwise generally the same as the first preferred embodiment 
Hence, only the light source unit 10 will be described in terms of structure and the other structures will be 
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omitted. 

In the light source unit 10, a solid laser 62 is used as a laser beam source instead of the semiconductor 
laser 12. One laser beam LB4 from the solid laser beam 62 is allowed into a beam splitter 64 where it is 
divided into a plurality of laser beams. The divided laser beams enters a multi-channel modulator 66 where 
5 hey are modulated each in accordance with an image signal. The laser beams are then emitted from the 
light source unit 10 toward the reduction afocal optical system 20C. A gas and other suitable laser may 
replace the solid laser 62. 

In this embodiment, as shown in Fig. 20, beam waists BW are formed at a position which corresponds 
to where the apertures 18 of the first preferred embodiment are located. Hence, the beam waists of the 

10 divided laser beams are located at the planes FP1 and FP2 and on the photosensitive material FM 
(recording surface), promising a sharp image to be recorded on the photosensitive material FM Of course 
the effects of the fourth preferred embodiment remain the same since the reduction afocal optical system 
20C and the optical system 30 remain unchanged regarding structure. 

When the beam splitter 64 is used, the beam waists of the divided laser beams are formed at different 

is positions m different channels, and the differences of the waist-forming positions are determined by a 
vertical magnification of the optical system as a whole. Since this type of recording apparatus in most cases 
nas a large reduction to perform high density image drawing, however, the differences of the waist-forminq 
positions are extremely small and therefore negligible in practical use. 

20 (6) Sixth Preferred Embodiment 

Although the foregoing has described such an apparatus for recording an image on the photosensitive 
material FM which is wound around the rotation cylinder 40, the present invention is applicable to an 
apparatus wh.ch records an image on a photosensitive material FM which is carried on the inner surface of 
25 a cylinder. 

Fig. 21 is a perspective view of a scanning part of this type of multibeam recording apparatus In Fig 
21 a photosensitive material FM is carried by the inner surface of a holder 72 which resembles a hollow 
cylinder wh.ch is divided parallel to its axis. On the center line of curvature CL of the holder 72 a rotation 
mirror 74 having a reflective surface which is parallel to the center line CL is supported by a pair of frames 
30 76 and 76 for free rotation. Connected to a motor 80 via a belt 78, the rotation mirror 74 rotates when driven 
by the motor 80. Below the rotation mirror 74, a stationary mirror 81 is fixed to the frames 76 and 76 

qo *a,k a " S ° reW 82 mnS a ° rOSS the frames 76 and 76 and a beam head 84 is en 9aged with the ball screw 
82 When a motor 86 rotates which is linked to an end of the ball screw 82, the beam head 84 slides in the 
sub scanning direction Y while guided by guides 88 and 88. 

35 ^ , A [ ectan 9 ular P rism 90 ls ™°unted on the beam head 84. A plurality of laser beams LB originating from 
the light source unit 10 strike, through the reduction afocal optical system 20A and the afocal optical system 
30, the rectangular prism 90 where they are reflected toward a converging lens 92 which is mounted on the 
beam head 84. Laser beams from the converging lens 92 are irradiated on the photosensitive material FM 
through the station mirror 78 and the rotation mirror 74. 

40 Thus, when laser beams from the afocal optical system 30 are scanned in the primary scanning 
direction X by driving the motor 80 and rotating the rotation mirror 74 while the beam head 84 is moved in 
the sub scanning direction Y by driving the motor 86, a desired image is recorded on the photosensitive 
material FM. 

45 (7) Seventh Preferred Embodiment 

Fig. 22 is a diagram of a multibeam recording apparatus according to a seventh preferred embodiment 
of the present invention. The multibeam recording apparatus comprises the light source unit 10 for emitting 
two laser beams, the reduction afocal optical system 20C which is formed by the off-axis paraboroid mirror 

so 22a and the stereographic projection lens 24, the afocal optical system 30 which is formed by two lenses 
L18 and L19. and an XY stage 100 for mounting and two-dimensionally registering a target object 122 

In the light source unit 10, a laser beam LBS from an argon laser 110 impinges on a beam splitter 116 
through a shutter 112 and a reflecting mirror 114. Some components of the laser beam LB5 are reflected by 
the beam splitter 116 and the remaining components of the laser beam LB5 are transmitted by the beam 

55 splitter 116 and reflected by a mirror 118. Thus, in the light source unit 10, one laser beam LB5 is divided 
into two parallel laser beams LB6 an LB7 which will be emitted toward the reduction afocal optical system 
20C. Although not shown in Fig. 22, the beam splitter 116 and the mirror 118 are linked to a drive 
mechanism so that the beam splitter 116 and the mirror 118 are individually movable in a direction Z in 
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20 



which the laser beam LB5 propagates. By adjusting a distance between the beam splitter 116 and the 
mirror 118, the beam pitch Pa of the laser beams LB6 and LB7 from the light source unit 10 is changed. 

The laser beams LB6 and LB7 from the light source unit 10 are focused through the reduction afocal 
optical system 20C as intermediate images at a predetermined position and then reflected by a reflection 

5 mirror 120 to be advanced to the afocal optical system 30. The intermediate images are then reduced by 
the afocal optical system 30 at a proper magnification and imaged on the target object 122 which is placed 
on the XY stage 100. The multibeam recording apparatus is capable of recording images on, for example, 
regions 122a and 122b of the target object 122 at a predetermined pitch at the same time. Although the 
foregoing has described that the preceding embodiments use a laser such as the semiconductor laser 14 

10 and the solid laser 62 as a light source for emitting a light beam, an LED may be used as such. 

B-2. Laser Beam Expander 

Fig. 23 is a diagram of a laser beam expander comprising the afocal optical system 20A of Fig. 4. In 
Fig. 23, the laser beam expander 50 is formed by the afocal optical system 20A and a reflecting mirror 54 
which has an aperture 52 in the center. A light beam LB1 from a light source (not shown) travellino Darallel 
to the optical axis Z passes through the aperture 52 of the mirror 54 and enters the afocal optical system 
20A. As a result, a light beam LB3 comes out of the afocal optical system 20A parallel to the optical axis Z 
while satisfying Eq. 4 as described earlier. The light beam LB3 is then reflected by the reflecting mirror 54 
which is oriented at a certain angle (e.g., 45 degrees) to the optical axis Z and directed perpendicular to the 
direction of the incident light. Hence, the beam diameter of the light beam LB3 is expanded in accordance 
with the magnification of the afocal optical system 20A (= f22/f24; f22>f24). Thus, a laser beam expander is 
obtained which produces a light beam of a larger diameter without inviting the problems which are inherent 
in the conventional technique (Fig. 1). 
25 In addition, in the embodiment shown in Fig. 23, a stop 28 is interposed at the point A where the focal 
points of the paraboroid mirror 22 and the stereographic projection lens 24 coincide with each other 
Though not essential to the laser beam expander 50, disposed at the point A which corresponds to the 
entrance pupil of the stereographic projection lens 24, the stop 28 serves as a spatial filter. The intensity of 
light beam LB1 applied to the laser beam expander 50 usually has a Gaussian distribution. In some cases 
30 a noise component is included in the light beam LB1. Disposed at the focal point of the stereographic 
projection lens 24, the stop 28 cuts noise component. 

Although the laser beam expander of Fig. 23 comprises the afocal optical system 20A, any one of the 
afocal optical systems 20B to 20E described the above may be used instead. 

The optical apparatus above serves as a laser beam compressor if constructed to have an opposite 
35 optical path in which the light beam LB1 impinges in an opposite manner. 

B-3. Image Input Apparatus 

Fig. 24 is a diagram of an image input apparatus comprising the afocal optical system 20C of Fig. 6. 
40 The image input apparatus 60 comprises a lamp 66 for illuminating an original 64 which is placed on a table 
62. The original 64 is approximately evenly illuminated with light from the lamp 66. 

Comprising the afocal optical system 20C of Fig. 6, the image input apparatus 60 is telecentric on both 
the object side (original 64 side) and the image side (image input device side), i.e., a both-side telecentric 
optical system. When the lamp 66 is turned on, a light beam LB1 originating from the original 64 impinges 
45 on the off-axis paraboroid mirror 22a. A light beam LB2 reflected by the off-axis paraboroid mirror 22a 
passes through the stop 28 to be allowed to the stereographic projection lens 24 which images the light 
beam LB2 on an image input device 68 such as CCD element. The image and other information of the 
original 64 are thus read by the image input device 68. 

In this embodiment, it is the stop 28 that enhances the telecentric quality of the afocal optical system 
20C. That is, due to the stop 28, principal rays PR of the light from the original 64 cross the optical axis Z 
at the point A, or the entrance pupil of the stereographic projection lens 24, whereby the principal rays PR 
included in the light beam LB3 from the stereographic projection lens 24 all become parallel to the optical 
axis Z, i.e., perpendicular to the image input device 68 at every image height. In addition, since the stop 
position A is the focal point of the off-axis paraboroid mirror 22a, principal rays PR included in the light 
beam LB1 from the original 64 become perpendicular to the surface of the original and parallel to the 
optical axis Z at any position on the surface of the original. 

As described above, the image input apparats 60, comprising the afocal optical system 20C (though the 
light propagates in an opposite direction to that shown in Fig. 6), images light from the original 64 on the 
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Z V ' Ce alW3yS SatiSfyin9 Eq - 7 ' addition ' ,he ima 9 e in P ut Wats 60 is telecentric 

on both the image and the object sides. Since this allows that the data of the original is inputted in a 

S^'LT «T' r n iMhere iS a " inconvenience re 9^ing the original 64. e.g., the original 64 rises 
from the table 62, a dimensional error would not be easily created. In addition, although the image input 
s dev.ce 68 .s equipped w.th an optical window (not shown) in most cases, since the image input apparats 60 
is telecentric or. the image side (image input device 68 side), only light from upright direction is allowed into 
the image input device 68, thereby preventing aberration which is created by light incident upon the optical 
window at an angle and hence improving the efficiency of data input of the original 

io 20 DlnHp , np a I f 0 ,H iC l SyS,er ? bS repl3Ced With any ° ne of the a,ocal s y*°™ 2 °A. 20B, 

10 20D and 20E of the other preferred embodiments. 

B-4. Reduction Projection Apparatus 

Fig. 25 is a diagram of a reduction projection apparatus comprising the afocal optical system 20A of 
is F,g. 4. The reduction projection apparatus 70 is an apparatus for reducing the images of reticles 76 and 
transferring the images once at a time onto a resist film 74 which is formed on a silicon substrate 72 The 
reuucnon projection apparatus 70 is comprised of illumination optical systems 80 for irradiating the reticles 
76 from the back surfaces of the reticles 76, the afocal optical system 20A of Fig. 4, and a stage 82 for 
mounting the silicon substrate 72. »iayo at ror 

20 m JZ iNumination °P* ical s V s,em a n 9ht beam from a lamp 86 which is equipped with an elliptical 
mirror 84 impinges on a fly-eye lens 90 through a cold mirror 88. A light beam from the fly-eye lens 90 
% T, H ? nmaUn9 lans 92 where il is collimated to become a parallel light beam which will be then 

■ m,rr °, r ° nt0 ,he b3Ck SUrfaCeS °' ,he reticles 76 - A «»"" transmitted by the 

retries 76 is imaged on the res.st film 74 by the afocal optical system 20A. The images of the reticles are 

25 thus transferred onto the resist film 74. 

As described above, the images of the reticles are transferred onto the resist film 74 using the afocal 
optical system 20A wh.ch is telecentric on both the image and the object sides. Hence, even though the 
rehcles 76 and the resist film 74 include a deficiency such as a partially risen portion or a warped portion 
the reticle images are transferred at a relatively good accuracy. 

so If resolution is not an issue, the optical system may be telecentric only on the object side (reticle 76 
side) as shown m Rg. 26 as far as the height hi" at the resist film 74 and the height hi on the object side 
satisfy Eq. 4. In such a case, since the optical system is not telecentric on the imaging side (resist film 74 
side), ,t ,s possible to transfer larger reticle images onto the resist film 74 if at a little degraded transfer 

as w^ed C porto e n retiC ' eS ^ reSiSt film inC ' Ude 3 de,iciency sucn 38 a P artia,, y rise " Portion and a 

™» ^° U ^ ,0 ? 9oin9 is re,a,ed 10 where the images of the two reticles 76 are transferred onto the 
res st film 74 once at a time, three or more reticles 76 may be transferred at the same time. Further, instead 

fn *h 3 h C .k SySt6m 2 ° A> any ° ne ° f the a,ocal optical systems 20C - 20D ™« 2 ° E ef the third, the 

fourth and the fifth preferred embodiments to transfer the image of one reticle 76. 

40 

B-5. Expansion Projector 

Fig. 27 is a diagram of an expansion projector comprising the afocal optical system 20C of the third 
preferred embod.ment. Constructed as an apparatus for expanding the image of a target object 102 and 

theTa^nhtrrn 6 °" t SC ?„ e o n 1 ° 4 - ,h8 6XPanSi0n Pr ° jeCt0r 100 Comprises a ,am P 106 for i»«minating 
the target object 102, a stage 108 and the afocal optical system 20C 

r„fJ! ,e a,0Cal °P t ! Ca ' system 200 is similar to the afocal optical system of Rg. 6 except for provision of a 
ejecting mirror 110. Hence, when the lamp 106 is turned on, a light beam from the target object 102 is 

imaged on the back surface of the screen 104 through the afocal optical system 20C. allowing that the 
so expanded image of the target object 1 02 is observed from the front surface of the screen 1 04 

Since also in this embodiment a stop 28 is disposed at the point A where the focal points of the 

paraboroid m.rror 22 and the stereographic projection lens 24 coincide with each other, principal rays 

mcluded m a light beam from the target object 102 advance perpendicular to the target object 102 and 

pr,nc.pa rays included in a light beam from the off-axis paraboroid mirror 22a advance perpendicular to the 
.5 screen 104, ,.e., the expansion projector is telecentric on both the image and the object sides, the reason 

bemg the same as that described before. Hence, the expanded image of the target object 102 is observed 

at a nigh resolution. 
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B-6. Illumination Apparatus 



Fig. 28 is a diagram of an illumination apparatus comprising the afocal optical system 20E The 

'^tTJTT* , 12 °; in ! e " ded t0 be US6d in 3 PTOXimity 6xp0Sure ap P aratus - com P" ses a «9ht source 
unit 122 and the afocal optical system 20E which is formed by two off-axis paraboroid mirrors 22a and 26a 

The light source unit 122 includes a lamp 126 which has an elliptical mirror 124. A light beam from the 
lamp 126 imp.nges on a fly-eye lens 130 through a cold mirror 128. A light beam from the fly-eye lens 130 
enters a collimating lens 132 where it is coliimated into a parallel light beam LB1. Hence, an imaginary 
!nten e sit^'disfriSn y ^'^ ^ C °" imatin9 lenS 132 is irradiated *» the P arallel n 9 nt bea "> which has even 

Since the afocal optical system 20E is identical to the afocal optical system of Fig. 8 described earlier 
the parallel light beam LB1 from the light source unit 122 is expanded by the afocal optical system 20E 



hi* = m5«hi 



where rn5=f22afl26a; f22a is a focal length of the off-axis paraboroid mirror 22a; f26a is a focal length of 
the off-axis paraboroid mirror 26a; and m5 is a magnification of the afocal optical system 20E. Expanded in 
such a manner, the parallel light beam LB1 is irradiated parallel to the optical axis Z onto a surface-to-be- 
illummated (e.g., a mask plate 138 placed immediately above a resist film 136 disposed on a glass 134 if 
the .lluminatjon apparatus 120 is used in a proximity exposure apparatus). In Fig. 28, indicated at numerical 
reference 140 is a table for mounting the glass 134. 

As described above, since the illumination apparatus 120 uses the afocal optical system 20E which is 
comprised of the two off-axis paraboroid mirrors 22a and 26a, light is irradiated onto the surface-to-be- 
illuminated perpendicular thereto with uniform illumination distribution. Further, by properly combining the 
focal lengths of the off-axis paraboroid mirrors 22a and 26a and changing the magnification m5 of the afocal 
optical system 20E, an illumination area is adjusted as desired. 

While the invention has been described in detail, the foregoing description is in all aspects illustrative 
and not restr.ct.ve. It is understood that numerous other modifications and variations can be devised without 
departing from the scope of the invention. 

The features disclosed in the foregoing description, in the claims and/or in the accompanying drawings 
thereof Separate ' y and in any ^b^o" thereof, be material for realising the invention in diverse forms 



Claims 
1 



An afocal optical system having an optical axis, comprising: 

a first paraboroid mirror, disposed on the optical axis, having a finite focal length- and 
an optical element, disposed on the optical axis, having a stereographic projection characteristics 
which is defined by the following eguation: 

hi" = 2«f-tan(9i/2) 

where hi' is a height of a light beam, leaving said optical element, taken from the optical axis or a heigh 
of an image taken from the optical axis, f is a focal length of said optical element and ei is an angle of 
incidence with respect to said optical element, the focal point of said optical element substantially 
coinciding with that of said first paraboroid mirror. 

2. An afocal optical system of claim 1 , wherein said optical element is a second paraboroid mirror. 

3. An afocal optical system of claim 2. wherein at least one of said first and second paraboroid mirrors is 
an off-axis paraboroid mirror. 

4. An afocal optical system of claim 1 . wherein said optical element is a stereographic projection lens. 

5. An afocal optical system of claim 4. wherein said first paraboroid mirror is a off-axis paraboroid mirror. 
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6. An afocal optical system of claim 1 , further comprising an aperture stop disposed at a point where the 
focal points of said first paraboroid mirror and said optical element coincide with each other. 

7. An afocal optical system having an optical axis, comprising: 

5 a spherical mirror, disposed on the optical axis, having a finite focal length; and 

an equisolidangle projection lens, disposed on the optical axis, having an optical characteristics 
defined by the following equation: 

hi' = 2.f»sin(ei/2) 

10 

where hi' is a height of a light beam, leaving said equisolidangle projection lens, taken from the optical 
axis or a height of an image taken from the optical axis, f is a focal length of said equisolidangle 
projection lens and 0i is an angle of incidence with respect "to said equisolidangle projection lens, the 
focal point of said equisolidangle projection lens substantially coinciding with that of said spherical 
75 mirror. 

8. A muitibeam recording apparatus for recording an image on a recording surface, comprising: 

a light source unit for emitting a plurality of light beams; and 

a reduction afocal optical system for directing said light beams from said light source unit toward 
20 said recording surface, said reduction afocal optical system having an optical axis, wherein said 
reduction afocal optical system comprises a first paraboroid mirror, disposed on the optical axis, having 
a first finite focal length; and an optical element, disposed on the optical axis, having a stereographic 
projection characteristics which is defined by the following equation: 

25 hi* = 2»Man(0i/2) 

where hi' is a height of a light beam, leaving said optical element, taken from the optical axis or a 
height of an image taken from the optical axis, f is a second finite focal length of said optical element 
and ei is an angle of incidence with respect to said optical element; and wherein the focal point of said 
30 optical element substantially coincides with that of said first paraboroid mirror. 

9. A muitibeam recording apparatus of claim 8, wherein said optical element is a second paraboroid 
mirror, and wherein the first and second finite focal lengths are different from each other. 

35 10. A muitibeam recording apparatus of claim 8, wherein said optical element is a stereographic projection 
lens, and wherein the first and second finite focal lengths are different from each other. 

11. A muitibeam recording apparatus of claim 8, further comprising an afocal optical system having an 
optical axis disposed between said reduction afocal optical system and said recording surface, wherein 

40 the optical axis of said afocal optical system is parallel to and displaced from the optical axis of said 
reduction afocal optical system. 

12. A muitibeam recording apparatus for recording an image on a recording surface, comprising: 

a light source unit for emitting a plurality of light beams; and 
45 a reduction afocal optical system for directing said light beams from said light source unit toward 

said recording surface, said reduction afocal optical system having an optical axis, wherein said 
reduction afocal optical system comprises a spherical mirror, disposed on the optical axis, having a 
finite focal length and an equisolidangle projection lens, disposed on the optical axis, having an optical 
characteristics defined by the following equation: 

50 

hi' = 2«f«sin(fli/2) 

where hi' is a height of a light beam, leaving said equisolidangle projection lens, taken from the optical 
axis or a height of an image taken from the optical axis, f is a focal length of said equisolidangle 
55 projection lens and ei is an angle of incidence with respect to said equisolidangle projection lens; and 
wherein the focal point of said equisolidangle projection lens substantially coincides with that of said 
spherical mirror. 
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1a A multibeam recording apparatus of claim 12, further comprising an afocal optical system having an 
optical axis disposed between said reduction afocal optical system and said recording surface wherein 
the optical axis of said afocal optical system is parallel to and displaced from the optical axis of said 
reduction afocal optical system. 
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FIG. 1 




FIG. 2 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. 12 
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FIG. 16 
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FIG. 17 
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FIG. 18 
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FIG. 22 
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FIG. 25 
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FIG. 26 
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FIG. 27 
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